Background: The aim of this study was to present the first detailed analysis of long-term population estimates and trends of waterbirds wintering at Messolonghi lagoons, one of the largest Greek wetlands, during 1982 to 2012, using TrendSpotter software.
Background
Waterbirds are a large and diverse group of birds which are ecologically dependent on aquatic habitats. The term 'waterbirds' initially referred to wildfowl (ducks, geese and swans) and large wading birds (such as herons and storks), but its meaning has expanded to include all the original waterfowl, seabirds and wading bird species (Gill 1994; Podulka et al. 2004) . Wetlands are critical habitats for the fulfilment of the foraging, resting and breeding requirements of many waterbirds. Despite their importance for waterbirds, almost half of the world's natural wetlands have disappeared in the last century due to anthropogenic activities, while the other half have been variously affected (Shine and Klemm 1999) . The continuing deterioration of wetlands and the consequent decline of many waterbird species' populations have rendered their protection and restoration a major conservation priority (Gill 1994; BirdLife International 2004) . Migratory waterbirds and the wetland habitat that supports them are protected in European countries under international conventions (e.g. the Ramsar Convention) and legislation (e.g. the EU Wild Birds Directive, the EU Habitats Directive).
The understanding of population dynamics in animals is a major topic in ecology, and bird species have been the subject of considerable research efforts (summarised by Perrins et al. 1993; Newton 1998) . In the northern hemisphere, wintering waterbird populations are monitored by the International Waterbird Census (IWC) carried out under the auspices of Wetlands International (Rose and Scott 1997) . These counts have suggested significant population trends (either increases or decreases) for almost half of all wintering waterbird populations in Europe (48%), while the remaining are considered as stable or with uncertain trends (Wetlands International 2013) . Several analyses of long-term trends of wintering waterbirds have been carried out in Europe, at a national, regional or site-specific level (e.g. Laursen and Frikke 2006; Crowe et al. 2008; Maclean et al. 2008; Nilsson 2008; Fouque et al. 2009; Musil et al. 2011) .
Greece is located along the eastern Mediterranean migratory flyway and supports large numbers of migratory waterbirds during passage and for the duration of the wintering period. The country's mild climate, high diversity of wetland habitats and surrounding agricultural land provide refuge and feeding throughout winter. Importantly, when freezing conditions in parts of northeastern Europe and the Balkans may limit access to food resources, these factors make Greece particularly attractive for wintering waterbirds.
Greece's extensive coastline hosts several large wetlands, ten of which are protected under the Ramsar Convention for holding internationally important waterbird numbers, including the Messolonghi lagoons wetland complex (hereafter Messolonghi) in western Greece. Midwinter monitoring of waterbird populations is conducted annually since 1982 in all large Greek wetlands, and counts have been submitted for inclusion in the IWC. However, analyses of long-term changes in numbers of waterbirds in Greek wetlands are not currently available in the literature.
The aim of this study was therefore to present the first detailed analysis of midwinter counts of waterbirds wintering at Messolonghi, more specifically (1) to estimate the population size and assess the long-term trends in numbers of the most abundant waterbird species, as well as the whole species assemblage (Visser 2004a, b) , (2) to calculate population alerts for declining species, at different intervals of the time series , and (3) to assess the site's international importance for waterbirds at both the specific and community levels (Wetlands International 2012 .
Methods

Study area
Messolonghi is situated in western Greece, in the western part of Sterea Ellas Region, Aitoloakarnania Prefecture (37°40′ to 39°40′ N, 20°10′ to 21°30′ E) and is one of the two largest Greek wetland complexes (Amvrakikos being the other one), totalling 258 km 2 ( Figure 1 ). This wetland complex is very important for some 173 wintering and breeding migratory bird species (Zalidis and Mantzavelas 1994) and was therefore designated as a Ramsar site in 1975 and a National Park in 2006. It is also a Special Protection Area (SPA) and a proposed Natura 2000 site.
The site was formed by the action of two rivers: the Acheloos to the west and Evinos to the east, and occupies an extensive coastal zone with a wetland complex consisting of a double delta formed by Acheloos and Evinos rivers, extensive lagoons and salt marshes, restricted freshwater marshes, relicts of a riparian forest, coastal spits with dune formations, saltworks and scattered rocky hills in and around the area (Pergantis and Handrinos 1992; Zalidis and Mantzavelas 1994) . The Messolonghi lagoon (11,200 ha) predominates in the centre of the wetland complex, whereas other large lagoons are the Aitoliko lagoon (1,400 ha) to the north, the Klissova lagoon (3,000 ha) to the east, and the Gourounopoules and Tholi lagoons (800 ha) to the west. All the lagoons are shallow with a maximum depth of 1.5 m, with the exception of the Aitoliko lagoon with a maximum depth of 30 m, although with shallow parts. The local tidal range is small varying between 0.30 and 0.40 m (European Sea Level Service).
The major land uses in the area are fishing and salt production. The Messolonghi wetland complex is one of the most productive fishing grounds in Greece, because of the local climate, topography and morphology. Traditional fishing by co-operatives and private fishermen is extended in a surface of 15,000 ha, and the total annual production amounts about 800 to 1,000 tons. The most important marketed species are gilthead seabream Sparus aurata, European sea bass Dicentrarchus labrax, European eel Anguilla anguilla and several species of the Mugilidae family. Saltworks occupy a surface of 12,400 ha. Other important land uses are crop cultivation in drained land (clover, maize, cotton) and livestock grazing (cattle, sheep, goats). Illegal resort house building, especially along coastal stripes and sand dunes, illegal hunting and intensive fishing techniques are among the main activities adversely affecting the wetland's habitats and their associated avifauna.
Data collection
The dataset includes IWC results from Messolonghi. The IWC is conducted in mid-January each year, when peak numbers of most species are present, and it is implemented by the Hellenic Ornithological Society (HOS). Counts are conducted by HOS professional staff and amateur volunteers on predetermined dates announced by the national coordinators to minimise the risk of double counts arising from bird movements within and between sites, thus allowing for straightforward and valid comparisons between sites and years (Wetlands International 2010). The wetland complex has been divided into 21 suitable sectors to allow for the monitoring of all available habitats, namely lagoons, open sea, saltworks, rivers and estuaries, salt marshes, mudflats, reed beds, adjacent cultivated and fallow land, ditches and halophytic grassland. Five two-member groups are assigned to several sectors, and counts are carried out in a single day, from dusk to dawn. The standardised 'ground counts' methodology is followed according to the guidelines of Wetlands International (2010). Predetermined vantage points are approached by car, selected so that each sector is completely scanned and without overlap of areas counted.
The midwinter counts methodology presents several shortcomings: (a) population maxima may occur on earlier or later dates, (b) several duck species may disperse far at sea and become invisible from land, (c) some species, such as little grebe Tachybaptus ruficollis, northern lapwing Vanellus vanellus, Eurasian golden plover Pluvialis apricaria and Eurasian curlew Numenius arquata in certain years might be hidden in vegetation during the counts. In addition, waders are sometimes best counted when concentrated at high-tide roosts. However, the local tidal range is small and intertidal areas are not extensive; thus, waders are usually within identification and counting range. In conclusion, it is not possible to count every individual in a population, and consequently, midwinter counts cannot usually be used to determine absolute population sizes. However, as the same sectors are counted in the same way every year, the proportion of the population of each species represented by the counted sample varies little from year to year. Therefore, estimated numbers are suitable for the calculation of population trends and the assessment of the site's importance for waterbirds.
During 1982 to 2012, the 28 most abundant waterbird species were included in the time series dataset and were grouped into two main categories: waterfowl and their allies (19 species, including ducks, coots, grebes, pelicans, cormorants, herons and egrets, spoonbills and flamingos) and waders (9 species, including Recurvirostridae, Charadriidae and Scolopacidae). All 28 species were present during the whole time series (since 1982; 31 years), with the exception of Dalmatian pelican Pelecanus crispus (since 1984; 29 years), greater flamingo Phoenicopterus roseus (since 1988; 25 years) and pied avocet Recurvirostra avosetta (since 1985; 28 years), with no missing values after the first occurrence. Species excluded from the analysis occurred in low numbers (less than 50 individuals in any year) and during a few years (less than 20 wintering seasons). Gulls and terns were not included in the analysis since they were not intensively monitored, especially in the early years, and (for the gulls at least) their distributions are generally too 
Data analysis
Long-term population trends of the 28 waterbird species were assessed with the statistical software TrendSpotter 6.4 (Visser 2004a, b; Soldaat et al. 2007 ). TrendSpotter uses a smoothing method for analysing environmental time series, based on structural time series analysis in combination with the Kalman filter, and it is the method of choice to smooth time series that contain only one value per time point, as in this study ). This software estimates smoothed population numbers and their standard deviations and allows the estimation of confidence intervals based on the deviations of time point values from the smoothed line. It is then possible to test the difference between the smoothed population number of the last year of a time series against each of the preceding years (total change rate (TCR)), taking into account serial correlation. Mean yearly change rate (YCR) estimates, i.e. the TCR expressed as a mean change rate per year, and confidence intervals could then be used to classify the trends per year in six categories: strong increase (lower confidence limit (CL) > 1.05), moderate increase (1 < lower CL ≤ 1.05), stable (confidence interval (CI) contains 1.00 and lower CL ≥ 0.95 and upper CL ≤ 1.05), moderate decline (0.95 ≤ upper CL < 1.00), steep decline (upper CL < 0.95) and uncertain (CI contains 1.00 and [lower CL < 0.95 or upper CL > 1.05]). For further details on TCR and YCR calculations and trend classification, see Soldaat et al. (2007) . All data counts were ln-transformed prior to the analysis to achieve normality. All graphs for the statistical testing of normality, the occurrence of cycles and the dependence of consecutive residuals, as well as for the presentation of the smoothed trend line with its associated 95% CI, were produced with the S-PLUS® 6.2 statistical package (Insightful Corp., Seattle, WA, USA) according to Visser (2004a) .
The British Trust for Ornithology uses a population alert system to highlight declines in bird numbers, with strong declines (>50%) and moderate declines (>25%) as alert thresholds over specifically defined time periods (Atkinson et al. 2006) . TrendSpotter was also used to calculate population alerts for identified declining species, through the conversion of the TCR values: an upper TCR CL lower than 0.75 or lower than 0.50 represents an alert threshold of 25% and 50%, respectively ). Population alerts were calculated for declining species over the whole time series (31 years) and the last 20 and 10 years.
The international importance of Messolonghi for waterbirds was assessed by comparing their numbers with the Ramsar Convention specific criteria for waterbirds (Wetlands International 2012): a wetland should be considered internationally important if it regularly supports ≥20,000 waterbirds (criterion 5) or if it regularly supports 1% of the individuals in a population of one species or subspecies of waterbirds (criterion 6). According to Wetlands International (2012) 'a wetland regularly supports a population of a given size if the requisite number of birds is known to have occurred in two thirds of the seasons for which adequate data are available, the total number of seasons being not less than three.' The species-specific 1% flyway population thresholds for criterion 6 are given by Wetlands International (2013) ( Table 1) .
Results
Population estimates
Messolonghi hosted on average 63,054 ± 22,241 (SD) wintering waterbirds (range 29,630 to 109,795) during this 31-year period (Table 1 ). Waterfowl and their allies were the most abundant group wintering at Messolonghi, by both species and numbers (Table 1) . Eurasian coot Fulica atra, Eurasian wigeon Anas penelope, common teal Anas crecca and common pochard Aythya ferina were the most numerous waterfowl species. Among the waders, the most numerous were dunlin Calidris alpina, Kentish plover Charadrius alexandrinus, little stint Calidris minuta and northern lapwing.
Population trends
The analysis of long-term population trends for the 28 most numerous wintering waterbird species at Messolonghi showed that 20 (14 waterfowl, 6 waders) were increasing and only 4 (all waterfowl) were decreasing (Table 2, Figure 2 ). The trend of three species was assessed as 'stable' (Eurasian wigeon, northern lapwing, Eurasian curlew), and the trend of one species was assessed as 'uncertain' (dunlin). Among the waterfowl, Dalmatian pelican, great cormorant Phalacrocorax carbo, little egret Egretta garzetta, great egret Casmerodius albus, grey heron Ardea cinerea and greater flamingo increased by more than 5% per year. On the other hand, the greatest declines (>5% per year) were found for common pochard and tufted duck Aythya fuligula. The greatest increases among the waders (>5% per year) included pied avocet, Kentish plover, grey plover Pluvialis squatarola, Eurasian golden plover, northern lapwing and little stint. Combined estimates showed that there was a moderate annual increase in the total number of waterfowl (2%), waders (4%) and the overall waterbird species assemblage (2.2%) at Messolonghi between 1982 and 2012 (Table 2, Figure 3) .
Calculation of population alerts for the four declining waterfowl species showed that the tufted duck population was declining by more than 50% during the entire study period and during the last 20 and 10 years (Table 3) . Population alerts were also found for common e Number of years in which Ramsar criteria 5 (waterbird species assemblage exceeded 20,000 individuals) and 6 (single species numbers exceeded the 1% flyway population threshold) were met. Internationally important populations are indicated in italics.
f Single species populations currently exceeding the 1% threshold that could be assessed as internationally important in the future. w, wintering; br, breeding; ?, uncertain.
pochard, northern pintail Anas acuta and black-necked grebe Podiceps nigricollis during most of the specified periods, with the exception of the whole time series for northern pintail.
Site importance for waterbirds
The examination of the total numbers of the waterbird species assemblage (Table 1, Figure 3 ) reveals that Messolonghi supported in each of the monitored years more than 20,000 individuals and thus fulfils the Ramsar Convention's criterion 5. The wetland should therefore be considered internationally important for waterbirds. The numbers of Eurasian wigeon and Kentish plover can be considered of international importance since they exceed the 1% threshold during the major part (>2/3) of the period. In addition, the numbers of Dalmatian pelican, great cormorant, little egret, great egret, greater flamingo, Eurasian coot and pied avocet could also be considered as of international importance in the future since they have exceeded the 1% threshold during the last 5 to 12 years (Table 1, Figure 2 ).
Discussion
Over 70% of waterbird species wintering at Messolonghi displayed increasing trends. The trends found in this study were compared to similar analyses available for a range of other European countries: Bulgaria (Michev and Profirov 2003) , Sweden (Nilsson 2008), Ireland , the Netherlands (Hustings et al. 2009 ), France (Fouque et al. 2009 ), the UK (Calbrade et al. 2010) , Portugal (Catry et al. 2011) , the Czech Republic (Musil et al. 2011) , Denmark, Germany and the Netherlands (Wadden Sea; Van Roomen et al. 2012) , and as found in this study, the number of increasing species was higher than the number of decreasing species in Bulgaria, Sweden, the Netherlands (part), France, the UK and the Czech Republic. In contrast, decreasing species were in the majority in the Irish and Wadden Sea (German/Danish/Dutch) studies.
In general, for 18 waterbird species wintering at Messolonghi, the changes in numbers are consistent with those occurring at the flyway level (see Tables 1 and 2 ; Wetlands International 2013). This suggests that in these cases the factors affecting waterbird numbers are regional or international rather than local. However, for nine species, differences between the flyway trend and the trend at Messolonghi were observed, suggesting that site-specific factors may be significant for these species.
In the waterfowl and allies group, 13 species show similar and 5 species different trends to those observed at the flyway level. Excluding wildfowl, black-necked grebe was the only declining species in the waterfowl and allies group, and for that reason, population alerts were generated. In contrast, great crested grebe Podiceps cristatus, little grebe and Eurasian spoonbill Platalea leucorodia populations showed a moderate rate of increase, while Dalmatian pelican, great cormorant, little egret, great egret, grey heron and greater flamingo showed the most remarkable increases in numbers. This pattern is similar to that observed at both the flyway level and across Europe (BirdLife International 2004; Wetlands International 2013) .
Dalmatian pelican populations suffered a massive decline during the nineteenth and twentieth centuries, primarily caused by wetland drainage, shooting and persecution by fishermen (Crivelli et al. 1997; Mix and Bräunlich 2000) . Since the cessation of that decline, the flyway population has increased mainly due to the implementation of conservation actions, particularly at Lake Mikri Prespa in Greece, the species' largest colony and also in other countries (BirdLife International 2012). However, rapid population declines in the remainder of its range are suspected to be continuing, and therefore, the species is still listed as 'vulnerable' (BirdLife International 2012). Great cormorant and heron species have been variably but widely persecuted in Europe, due to their fish-eating habits (Van Eerden et al. 1995; Kushlan and Hancock 2005) . Declines in Europe were observed in the twentieth century, but these species' populations are now mostly increasing at the flyway level (Marion 2003; Kushlan and Hancock 2005) . These increases have mainly been attributed to the legal protection of the species and their habitats and the increase in fish productivity due to eutrophication of aquatic habitats (Van Eerden et al. 1995; BirdLife International 2004; Kushlan and Hancock 2005) .
Greater flamingo has also shown a significant increase in numbers during the 31-year study period. It was first recorded in Greece in the 1830s, but until the early 1980s, there were fewer than 30 records of single individuals or very small flocks from the entire country (Handrinos and Akriotis 1997). The species first appeared at Messolonghi in 1988, and its population developed from a few individuals in the 1990s to several thousands in the 2000s, a trend similar to that observed in other Greek wetlands (Handrinos and Akriotis 1997; HOS, unpublished data) . The southwest Asian population of greater flamingo is currently stable, whereas the West Mediterannean population is currently increasing, mainly due to the protection of breeding sites (Martos and Johnson 1996; Miltiadou 2005) . It has been demonstrated by band re-sightings that the East Mediterranean population receives influxes from both the West Mediterranean and southwest Asia (Handrinos and Akriotis 1997; Balkiz et al. 2007; FP and VL, personal observation) , which have probably contributed to the increase of the Messolonghi wintering population.
Despite its small size, Greece is one of the most important countries in the eastern Mediterranean-Black Sea region for the wintering populations of wildfowl and Eurasian coot (Athanassiou 1987) , holding an average number of 345,000 birds per year during 1982 to 1992 (Handrinos and Akriotis 1997). Results from Messolonghi show that it is among the most important Greek wetlands for wintering ducks and Eurasian coot, with an average of about 43,000 birds per year during 1982 to Alerts were generated over the whole time series and the last 20 and 10 years. Moderate alerts correspond to >25% decline; strong alerts correspond to >50% decline. 2012, supporting especially high numbers of Eurasian coot and Eurasian wigeon. Eurasian wigeon did not show any significant trends over the entire study period, whereas common shelduck Tadorna tadorna, mallard Anas platyrhynchos, northern shoveler Anas clypeata, common teal and Eurasian coot moderately increased their numbers. In contrast, northern pintail, common pochard and tufted duck declined in numbers, and strong and/or moderate alerts were triggered for the last three decades. With the exception of mallard, trends were similar to those observed at the flyway level, suggesting that regional or international rather than local factors may be mostly responsible for the changes in numbers of ducks at Messolonghi. Many factors have been reported to negatively affect duck species worldwide at both a site and flyway level, such as breeding and wintering habitat degradation and loss due to oil pollution, drainage, eutrophication, agricultural intensification and industrial development, hunting disturbance, lead shot poisoning and avian influenza outbreaks (del Hoyo et al. 1992; Mateo et al. 1998; Kear 2005; Melville and Shortridge 2006) . Furthermore, in recent decades, the influence of global climate change has been implicated in the 'short stopping' of migratory bird populations where wintering conditions closer to breeding areas may have become more favourable during the winter period, thus enabling a range of species to reduce migration distance (Scott and Rose 1996; Snow and Perrins 1998; Dalby et al. 2013; Lehikoinen et al. 2013 ). Lehikoinen et al. (2013) demonstrated strong northeastwards shifts in the centres of gravity of the entire wintering range of three common waterbird species, including tufted duck, along the North-West European flyway during the past three decades. Dalby et al. (2013) found that temperature clearly plays a role in shaping the winter distribution of six dabbling duck species but concluded that other factors, probably related to feeding ecology, may also influence their distributions. Wader populations have become increasingly important at Messolonghi. Of the nine most abundant species, five showed a significant increase (pied avocet, Kentish plover, grey plover, Eurasian golden plover, little stint), whereas the rest (northern lapwing, dunlin, common redshank Tringa totanus, Eurasian curlew) remained relatively stable or fluctuating. These trends contrast somewhat with those at the flyway level where only Eurasian golden plover and little stint are increasing. Wader species populations are generally decreasing at a global level (IUCN 2012) , mainly due to the degradation and loss of their habitats through mostly agricultural intensification, wetland drainage and reclamation of intertidal mudflats from infrastructure development (del Hoyo et al. 1992; Burton et al. 2002) . The loss of habitat due to land reclamation for agricultural or industrial use, illegal hunting and illegal building of resort housing have been identified as the main factors threatening wader populations at Messolonghi (de Nobel 1995; Handrinos and Akriotis 1997) . However, despite these activities and the global trends, it is remarkable that wader populations are generally increasing in the study area, at both the site-and species-specific levels, perhaps suggesting that the relative conservation value of Messolonghi is increasing.
Messolonghi is of international importance for waterbirds in general and for Eurasian wigeon and Kentish plover in particular. Furthermore, recent years' counts indicate that its international importance will probably increase in the future due to the increasing numbers of several species.
Conclusions
As a whole, the waterbird species assemblage wintering at Messolonghi lagoons in 1982 to 2012 showed a moderate increase. At the species level, most waterbirds were also increasing, with piscivores (Dalmatian pelican, great cormorant, little egret, great egret, grey heron), greater flamingo and small waders showing the strongest longterm increases. In contrast, the greatest long-term declines were found for two diving duck species: common pochard and tufted duck. Furthermore, the wetland complex is of international importance for waterbirds in general and for two species specifically.
Local population trends followed those of the relevant flyways for most species, most importantly for fisheating birds, ducks and greater flamingo. When local and flyway trends are similar, Messolonghi is assumed to be following a supra-local, more geographically widespread trend. On the other hand, dissimilarities have also been observed, especially for small waders, with local numbers increasing contrary to the declining flyway trends. It might be that ecological conditions have become better for selected species at Messolonghi relative to those at other sites or vice versa.
Overall, this study presented population estimates for 28 waterbird species wintering at Messolonghi, revealed an increasing trend of the species assemblage and confirmed the site's international importance for waterbirds during the last three decades. Such information could help managers make better decisions and could also be used as a basis for future comparisons with both local and flyway populations.
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